INTRODUCTION
Since the Black Report was published by the Working Group on Inequalities in Health in 1980, social inequalities in mortality have been an important public health issue in many countries. 1 Korea has undergone very rapid industrialisation, and was recently classified as an industrialised country by the World Bank; in 1960, it was still considered an agricultural country. With industrialisation, the Gini index, which measures socioeconomic inequality, decreased gradually up until the mid-1990s, but this trend reversed with the financial crisis in the mid-1990s and the subsequent economic, social and political changes. Numerous studies have investigated the relationship between socioeconomic position (SEP) and mortality in Korea. [2] [3] [4] [5] [6] [7] In these studies, the variables used to classify SEP were education, income and occupation. However, studies that used occupation as the SEP were limited by the high likelihood of misclassifying individuals, as occupational information is recorded on the death certificate by relatives of the deceased. 6 7 In studies that relied on death certificates, the mortality rate according to SEP was estimated by unlinked data, deriving the nominator from national death data and the denominator from national census data rather than by following study participants. 2 5-7 Additionally, there have been few detailed reports of differences between occupation and/or industry groups, given that most studies divide occupation simply as those who participate in manual labour and those who do not. 4 7 The aim of this study was to evaluate differences in cause-specific mortality between different occupational groups by following a large nationwide data set of Korean employees. We have previously reported a portion of our results in the form of an abstract. 8 
MATERIALS AND METHODS Data source
Since 1995, the Employment Insurance Act has required currently employed workers to join the employment insurance programme in Korea. Information on workers who have joined the employment insurance programme between 1995 and 2000 was obtained from the Korea Open Access Scan to access more free content
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Employment Information Service under the Ministry of Labor. Information on each worker included the identification number, sex, date of birth, date of joining and leaving the insurance programme, occupational group classified by the Korean Standard Classification of Occupations (KSCO) and the industry of the company as classified by the Korean Standard Industrial Classification. Data were collected for 11 435 937 workers.
Cohort identification
The cohort included Korean employees enrolled in employment insurance between 1995 and 2000; we only included workers who were aged >15 and <60 years when they enrolled. Subcohorts by occupation group included only workers who engaged in a single occupation throughout the whole period covered by employment insurance from 1995 to 2000. Consequently, a worker who changed occupational classification or a worker without information of occupational classification was excluded from the cohort. Occupational groups were classified into nine categories according to KSCO (KSCO1=legislators, senior officials and managers; KSCO2=professionals; KSCO3=technicians and associate professionals; KSCO4=clerks; KSCO5=service workers and sale workers; KSCO6=agricultural, forestry and fishery workers; KSCO7=craft and related trades workers; KSCO8=plant and machine operators and assemblers; and KSCO9=elementary occupations). Elementary occupations consist of simple and routine tasks (eg, street cleaning, carrying luggage, door keeping, and monitoring and packing manufactured products by hand).
Mortality follow-up and mortality rate calculation
The cohort data set was sent to the Korea National Statistical Office (KNSO) for matching deaths between 1995 and 2008. KNSO provided information on the matched cases for the cause of death according to the International Classification of Diseases-10 and the date of death. Population data were also obtained from KNSO using the resident registration population on 1 July of each year. 9 Age-standardised rates (ASRs) were determined by direct standardised methods using data from the resident population registry in the year 2000 as the standard population. To compare the mortality between occupational groups, we calculated rate ratios and rate differences between specific occupational groups. Rate ratios were calculated by dividing ASRs of KSCO9 by ASRs of KSCO2. Rate differences were the differences between ASRs of KSCO9 and ASRs of KNSO2.
Ethics statement
The institutional review boards of the Occupational Safety and Health Research Institute and Korea Occupational Safety and Health Agency, Incheon, Korea approved this study. , 8 762 340 workers were eligible for analysis (table 1) . Males comprised 63.3% of the study group. The most common occupational groups were crafts and related trades workers, to which 25.4% of males belonged, and clerks, to which 37.2% of females belonged. Agricultural, forestry and fishery workers accounted for a very small portion of the study population (0.3%).
RESULTS

In total
By the end of the mortality follow-up period, 231 239 (2.6%) workers had died; the observed study participants represented 99 414 095 person-years in total. The overall mean length of follow-up was 11.3 years.
ASRs by sex and occupation are shown in tables 2 and 3. The ASR for all-cause mortality was 342.6 per 100 000 among males and 141.6 per 100 000 among females in the total cohort (data not shown). Agricultural, forestry and fishery workers showed the highest ASR for mortality (male (M): 563.0, female (F): 206. Differences in mortality rates between professionals and elementary occupations (absolute inequality) and the mortality rate ratio of professionals to elementary occupations (relative inequality) are also shown in tables 2 and 3. Those in professional occupations had the lowest all-cause mortality rates, whereas those in the elementary occupations had the second highest rates. Agricultural, forestry and fishery workers showed the highest mortality, but the total number of observed deaths were minimal due to this category having the fewest overall person-years. For this reason, we presented the absolute difference in mortality rate and mortality rate ratio between professionals and elementary occupations. Differences in all-cause mortality were higher in men than in women with rate differences (M: 289.9 per 100 000, F: 70.1 per 100 000) and with rate ratios of M: 2.39 and F: 1.75. In male workers, the most noteworthy causes of deaths were mental diseases (rate ratio of 6.31), liver diseases (5.61), diseases of the musculoskeletal system (5.50), vehicular crushing accidents (3.87) and suicide (3.78) in the relative aspect. In female workers, the rate ratios of mental disease (13.00), disease of the musculoskeletal system (13.00) and ischaemic heart disease (IHD) (5.17) were higher. The most prominent mortality rate difference was observed for external causes of death (M: 96.9, F: 21.6 per 100 000). Among men, the difference was also pronounced for diseases of the liver (38.3 per 100 000).
DISCUSSION
The most prominent finding in our study was that there were substantial differences in mortality rates among different occupation categories, which reflect the overall SEP. In addition to SEP, different occupations have varying levels of exposure to hazards. Overall mortality was much higher in lower occupational categories such as elementary occupations or agricultural, forestry and fishery industries than in higher occupational categories such as legislators, senior officials and managers and professionals in both sexes. Occupation is a good discriminator of socioeconomic inequalities in health, including mortality.
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According to a 'Survey on Labor Conditions by Employment Type' performed by the Korean Ministry of Employment and Labor in 2013, the monthly wage was highest among legislators, senior officials and managers (approximately $5000), followed by professionals and related workers (approximately $3000).
Occupations with the lowest incomes were elementary occupations (approximately $1400) and service and sale workers (approximately $1700). 13 Aside from income, occupation can also reflect overall educational level, exposure to hazards and social standing.
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Inequalities in mortality among different occupational categories varied according to gender. The all-cause mortality rate difference between professionals and elementary occupations was much higher in men (289.9 per 100 000) than in women (70.1 per 100 000). This might be due to the difference in overall mortality rates between men and women, which are 209.1-563.0 per 100 000 and 93.3-206.0 per 100 000, respectively. However, the rate ratio of elementary workers to professionals was also higher in men (2.39) than in women (1.75). Previous studies of populations in the USA that used education as an SEP indicator also reported that socioeconomic mortality differences were greater among men than in women, although marital status played a role as a confounder. 14 15 Data from Western countries cannot be directly applied to Korean adults because the social structures pertaining to gender, socioeconomic inequalities and causes of death in Korea differ substantially from those in Western countries. In previous studies in Korea, SEP and all-cause mortality associations were higher among men than in women, although the differences were not statistically tested. 3 7 In this study, mortality differences between occupations caused by neoplasms, circulatory disease, mental disorder and external causes were noted in male and female workers. In the cases of lung cancer and chronic lower respiratory diseases, which were important causes of death with varying rates depending on occupational categories in men, there were no differences in rates between occupational groups for women. The rate ratio of liver diseases was much higher in men than in women. These findings suggest that health behaviour, including smoking and alcohol consumption, may explain gender differences in mortality disparity. 14 15 It is important to understand the pattern of the contribution of specific cause of death to decrease socioeconomic inequalities in mortality. 2 16 17 In this study, the main sources of mortality differences were external causes of mortality, including transport crashes and suicide, and liver and cerebrovascular diseases. In the previous study, which used education as an SEP indicator, the contribution of the cause of death to inequality in mortality in Korea demonstrated a similar pattern. 2 In studies in Sweden, Finland, Norway and the UK, the most important source of mortality variation among different SEP groups was cardiovascular disease; which was responsible for ≥30% of mortality inequality. 17 18 In this study, the role of IHD was not as high in male workers, although mortality inequality for IHD was higher in female workers. In female workers, the 'professionals' occupation group, which was used as the reference group, had a much lower IHD-caused mortality rate compared to other occupation groups. As a result, the rate ratio of IHD was high. This might be due to differences in the distribution of important IHD risk factors (eg, cholesterol and obesity) among occupation groups. 19 Compared to Western countries, one of the most prominent differences in mortality was the contribution of external causes. In our study, an external cause accounted for 33.4% and 30.8% of mortality differences between professionals and elementary occupations in male and female workers, respectively. These differences are much higher than in previous reports from Sweden and the Netherlands, where mortality inequalities due to external causes were only 2-5%. 17 20 In terms of relative inequality, external causes were a noteworthy cause of death in men and women, with rate ratios of 3.68 and 2.43, respectively.
Occupational injury can be a significant cause of inequality in external causes of mortality because of falls and/or exposure to heavy mechanical equipment. There were 1090 compensated mortality cases caused by occupational injury (approximately 7.1 per 100 000 workers) in 2013. 21 Mortality from workrelated injuries in Korea is much higher than in Western countries. In the USA, for example, the mortality rate from workrelated injuries was 3.7 per 100 000 workers during [2005] [2006] [2007] [2008] [2009] . 22 Inequality in mortality from other external causes of accidental injury is presumed to be mainly related to differences in exposure to occupational hazards.
Approximately one-third of differences in mortality due to external causes were caused by transport vehicle accidents. The mortality rate due to such accidents was particularly high among both sexes in agricultural, forestry and fishery workers. This suggests that mortality inequality might be affected by work-related transport crashes. Generally, the association between SEP and mortality from such accidents may be explained by accessibility to a new vehicle or to protective gear, the risk of pedestrian injury because of the living environment, and behavioural factors (including alcohol consumption or use of a seat belt). 23 In some European studies, women seldom showed inequality in mortality from traffic crashes. 20 23 Similarly, a previous study in Korea showed that inequality in mortality due to transport crashes was less in women than in men. 2 Although absolute mortality rate differences in this study were much smaller in females than in males, the magnitude of relative inequality and the contribution of transport crashes to mortality inequality were not widely different between men and women. Considering that the participants of this study were employed workers, the possibilities of exposure to traffic may be higher among working females than in the general female population.
Another one-third of mortality rate differences by external causes was comprised of intentional self-harm, that is, suicide, the mortality rate ratio for which was also high. Socioeconomic factors, including lower education and lower income, as well as employment status, are well-known risk factors for suicide. [24] [25] [26] Among men, the highest suicide mortality rates were observed among agricultural, forestry and fishery workers; the mortality rate was five times that of professionals. Farmers are at a higher risk of suicide compared to the general population. 27 Moreover, agricultural workers in Korea have significantly elevated mortality due to suicide compared to the general population, and suicide by pesticide ingestion is prevalent in rural areas. 28 Thus, in addition to socioeconomic strain, easy access to pesticides may play a role in increasing suicide-based mortality. 29 In the case of women, although individuals engaged in lower SEP occupations showed higher mortality due to suicide than professionals, the highest mortality rate was unexpectedly observed in legislators, senior officials and managers. The derived mortality rate was based on a small denominator because the proportion of female legislators, senior officials and managers was very small. To obtain a more reliable and representative result, a longer follow-up period is required.
The finding that external causes of mortality contributed substantially to mortality inequality among occupation categories has important implications. Substantial efforts must be made to prevent accidents and suicide in all of society. In a study in Norway, which is one of the countries with the lowest income inequalities, it was reported that mortality inequality from an external cause among different education groups decreased significantly from 1960 to 2000. 20 External cause of mortality is likely to be one of the most sensitive causes of mortality inequality affected by improvements in social policy and culture.
Liver disease contributed to a substantial proportion of mortality inequality among men, where liver disease and liver cancer accounted for 17.6% of the mortality rate difference between professionals and elementary occupations. In case of women, the rate ratio of elementary occupations to professionals was 2.06, although the mortality rate difference was small (1.8 per 100 000). This finding is consistent with a previous study. 2 Inequality of mortality attributable to alcohol, including liver disease, widened during the economic crisis. 6 In the case of liver disease, SEP-related behavioural factors, with alcohol consumption in particular, was presumed to play a major role in mortality inequality. Additionally, it was reported that lower income and lower education groups received hepatitis B vaccinations less frequently. 30 Moreover, the hepatitis A infection rate was higher among lower income and education groups. 31 Inequalities in hepatitis infection may also affect the inequality in mortality due to liver disease and liver cancer. Besides, liver disease is an important occupational disease for workers exposed to various solvents or to the hepatitis virus.
Cancer was also a source of mortality inequality. Stomach cancer showed great inequality in both sexes. Lung cancer inequality was observed only in men. Two factors that contribute to cancer mortality inequality include overall incidence and survival. The incidence of smoking or alcohol-related cancers, for example, may be affected by health behaviours that are tightly associated with SEP. Moreover, occupational or environmental exposure to carcinogens is expected to play a role in inequality of cancer-related mortalities among the different occupational categories. Lung cancer inequality in men is expected to be partly related to occupational exposure, as lung cancer is the most common occupational cancer. However, lymphoid, haematopoietic and bladder cancers, which are candidates for occupational cancers, showed no noteworthy inequalities among the occupational groups. 32 This may be due to a very small portion of carcinogen-exposed workers among the entire study population. The main suggested mechanism underlying inequalities in cancer survival is disparity in the access to healthcare, leading to differences in disease stage at diagnosis as well as treatment modality. 33 Differences in participation in opportunistic cancer screening programmes according to educational level were observed in Korea. 34 Although there is a national healthcare insurance system covering the entire Korean population, additional efforts should be made to achieve equal access to basic preventive healthcare services.
Mental disease showed a noteworthy mortality rate ratio of elementary occupations to professionals (M: 6.31, F: 13.00), although the mortality rate difference was not noticeable. The relationship between SEP and mental disease mortality can be explained in two ways. First, the lower SEP group is associated with a higher incidence of mental disease because of more risk factors (eg, high stress and weaker social support). 35 Second, the inequality can be exacerbated by differential access to treatment. 36 In this study, the results are presented mainly as descriptive statistics. In some previous studies, the 'relative index of inequality' was used to show gradients in mortality. 2 3 However, we could not apply this method because job categories cannot be classified in order. Cox proportional hazard models are another method to test the null hypothesis that mortality among various occupational groups is equal. However, we focused on presenting cause-specific mortality data for each occupational category using a large cohort. Although most groups had sufficient populations to show descriptive results, agricultural, forestry and fishery workers, as well as female legislators, senior officials and managers, represented a very small proportion of the participants (<1.0%). We used direct standardisation to compare mortality between different populations. Considering that direct standardisation is sensitive to small population size, the results for these groups might be far less reliable than those for other occupations. For the same reason, we did not use the results of these groups for calculating the ratio or difference of mortality rates.
To calculate mortality rates, we did not apply the latent period. Instead, we used person-years and death data from inclusion of the cohort. Following a cohort without a latent period could produce the problem of reverse causation. Despite this, we considered that most of the participants had been employed workers since before 1995 (the start of employment insurance) or before entering the insurance programme. In cases of chronic disease, however, the probability of reverse causation still exists to some degree.
We constructed cohorts with workers who had single occupations during 1995-2000. However, since the participants were working when the employment insurance programme began, we could not exclude workers who changed their occupations before 1995. If a person changed their occupation to a lower SEP-related job because of illness before 1995, there is also a risk of reverse causation.
The greatest strength of this study was the cohort size and the extent to which it reflects the working population of Korea. We followed 8 762 340 employed workers for approximately 13 years. Our data encompassed 28.6% of the Korean population between the ages of 20 and 64 years in 2000. 9 Participants were members of the employment insurance programme operated by the government during 1995-2000. In 1995, when insurance was introduced for the first time, employees in a company with >30 workers in the private sector were eligible for membership. 8 Although insurance covered only 33.2% of total employed workers at the time, coverage increased in stages to include workers in companies with ≥1 employee; the rate of coverage approached 65% by 2000. 37 The majority of the employed workers included in our study were employees of the private sector, and non-regular workers (ie, part-time workers) were not included. For this reason, the scope of this study is confined to regular, full-time workers in the private sector of Korea. The representation can vary across occupational groups. For example, agricultural, forestry and fishery workers included in this study were employed workers; however, most of the agricultural and fishery workers in Korea are self-employed. Hence, the study participants in this category (KSCO6) do not represent the entire working population; participants from other occupational categories are presumed to represent a much larger proportion of their respective groups.
Another strength of this study was that we documented the cause-specific mortality rates among nine occupational categories. Accordingly, the mortality gradient among various occupational groups was determined. Participants have been classified into manual and non-manual labourers in previous studies of mortality inequality between occupational classes in Korea. 4 6 7 The reason for this approach is presumed to be the lack of a sufficient number of study participants for additional stratification plus the risk of misclassifying occupations by relying on death certificate information. 7 In this study, occupational information was obtained from employment insurance data, which were provided by the employees' respective companies; hence, the reliability of our information is expected to be markedly higher. Moreover, a sufficient number of deaths from a very large longitudinal data set enabled us to create nine occupation subcohorts.
The mortality rates in this study were calculated by following a longitudinal cohort. Several previous studies on mortality inequality in Korea were limited by using unlinked data for the numerator and denominator. 5-7 26 In studies using linked data, the numbers of participants were insufficient to evaluate causespecific mortality or else participants were limited to a specific population. 3 4 There were also some limitations in our study. We assumed that all unmatched workers in the KNSO death registry, which covers the entire country, were alive. However, if some workers had emigrated from Korea before 2008 and had died during the study period, the mortality rate of the cohort would be artificially lowered. Moreover, if such deaths abroad had occurred disproportionately by occupational group, the results could be skewed. However, the emigration rate in Korea was very low (<0.04% per year between 2002 and 2008) 38 ; therefore, any bias in the results was unlikely to be appreciable.
We calculated cause-specific mortality rates based on death certificate information, and there have been disputes regarding the accuracy of the stated causes of death on these certificates. 39 In the previous Korean study, the accuracy of the stated cause of death on death certificates was 91.9% when compared to the medical records of the deceased in one university hospital in Seoul, 40 and the accuracy is expected to be much lower when including certificates issued in small hospitals and rural areas. Considering the inequality of access to healthcare service, it is possible that the accuracy of death certificates can also depend on SEP. To minimise this problem, we used the cause of death code chapter level or group of the 3-digit codes.
CONCLUSIONS
A profound inequality in mortality rates among occupational groups in Korea was observed. The leading causes of death contributing to mortality inequality across occupational groups were external causes of mortality in both sexes and liver disease in men. To reduce mortality inequality, injury and suicide prevention targeting elementary occupations and agricultural workers should be prioritised. Moreover, the prevention of liver disease in male elementary workers should be addressed when developing policies aimed at remediating health inequalities.
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